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The recent LHCb measurement of RK∗ in two q
2 bins, when combined with the earlier measure-
ment of RK , strongly suggests lepton flavour non-universal new physics in semi-leptonic B meson
decays. Motivated by these intriguing hints of new physics, several authors have considered vector,
axial vector, scalar and pseudo scalar operators as possible explanations of these measurements.
However, tensor operators have widely been neglected in this context. In this paper, we consider
the effect of tensor operators in RK and RK∗ . We find that, unlike other local operators, tensor
operators can comfortably produce both of RlowK∗ and R
central
K∗ close to their experimental central
values. However, a simultaneous explanation of RK is not possible with only Tensor operators,
and other vector or axial vector operators are needed. In fact, we find that combination of vector
and tensor operators can provide simultaneous explanations of all the anomalies comfortably at the
1σ level, a scenario which is hard to achieve with only vector or axial vector operators. We also
comment on the compatibility of the various new physics solutions with the measurements of the
inclusive decay Bd → Xs`+`−.
1. Introduction
The LHCb collaboration has recently announced mea-
surements of RK∗ ≡ B(B¯d → K¯∗µ+µ−)/B(B¯d →
K¯∗e+e−) in two q2(≡ (p`+ + p`−)2) bins, [0.045, 1.1]
and [1.1, 6] GeV2 (referred to as low and central bins
respectively) [1]. In both the bins, they observe devia-
tion from the Standard Model (SM), at the 2.1 − 2.3σ
level in the low bin and at the 2.4 − 2.5σ level in the
central bin [1]. Interestingly, in the summer of 2014, a
similar LHCb measurement of the ratio RK ≡ B(B+ →
K+µ+µ−)/B(B+ → K+e+e−) for q2 ∈ [1, 6] GeV2 also
showed a 2.6σ deviation from the SM [2]. The experimen-
tal measurements as well as the latest SM predictions for
these ratios are summarised in the first 3 rows of Table-I.
As the theoretical predictions of RK and RK∗ in the
SM are rather reliable [3, 4], these measurements highly
suggest for lepton non-universal new physics (NP). This
has spurred a lot of activities in the recent past, both in
the language of model independent higher dimensional
operators and specific models beyond the SM [3, 5–66].
In the context of dimension-6 NP operators, it has been
pointed out that short distance NP operators of certain
types can provide an overall good fit to the data. How-
ever, a discussion of the tensor operators was missing. In
this paper, we fill this gap with a detailed analysis of the
role of tensor operators in RK and RK∗
1.
Note that, it is not possible to generate tensor opera-
tors at the dimension-6 level if the Standard Model gauge
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1 In the context of B¯d → K¯∗`+`− decay, the tensor operators with
m` 6= 0 was first considered by one of the authors in [6–8] and
later in [67, 68].
symmetry is imposed [19]. However, tensor operators can
be generated at the dimension-8 level, see the end of sec-
tion 4 for more details.
Observable SM prediction Measurement
RcenK 1.00± 0.01 [4, 69] [0.66, 0.84] [2]
RlowK∗ 0.92± 0.02 [47] [0.58, 0.77] [1]
RcenK∗ 1.00± 0.01 [4, 69] [0.60, 0.81] [1]
Bµµ × 109 3.57± 0.16 [70, 71] [2.5, 3.5] [71–73]
Bee × 1014 8.35± 0.39 [70, 71] < 2.8× 107 [74]
BlowXsµµ × 106 1.59± 0.11 [75] [0, 1.53] [76]
BhighXsµµ × 106 0.24± 0.07 [75] [0.31, 0.91] [76]
BlowXsee × 106 1.64± 0.11 [75] [1.42, 2.47] [76]
BhighXsee × 106 0.21± 0.07 [75] [0.38, 0.75] [76]
TABLE I. Observables, their SM predictions and experimen-
tal 1σ ranges. For RlowK∗ , a more conservative SM prediction,
0.906± 0.028, has been recently reported in [4].
Besides RK and RK∗ , we also consider the branching
ratios of Bs → `+`−(` = µ, e) as they are reliably pre-
dicted in the SM. Furthermore, we also show the compat-
ibility with measurements of the branching ratios of the
inclusive decay Bd → Xs`+`−. The experimental mea-
surements of these observables are summarised in Table-
I. In the table and the subsequent text, we use the fol-
lowing short-hand notations (q2 is given in GeV2)
BcenK`` ≡ B(B+ → K+`+`−), q2 ∈ [1, 6]
Blow(cen)K∗`` ≡ B(B¯d → K¯∗`+`−), q2 ∈ [0.045, 1.1] ([1.1, 6])
B`` ≡ B(B¯s → `+`−)
Blow(high)Xs`` ≡ B(B¯d → Xs`+`−), q2 ∈ [1, 6] ([14.2, 25])
ar
X
iv
:1
70
5.
09
30
5v
3 
 [h
ep
-p
h]
  1
6 S
ep
 20
17
2We will not consider any angular observables (P ′5, for ex-
ample) in this analysis because their SM predictions are
debatable [13, 77–84] 2. In our calculations of B(B¯d →
K¯(∗)`+`−) we only include the factorizable part described
by the form-factors, and no non-factorizable corrections
are included. However, this is good enough for the the-
oretically clean observables RK and RK∗ . As for the
form-factors, we use [86] for B → K matrix elements
and [87] for the B → K∗ matrix elements.
2. Effective operators
The SU(3)×U(1) invariant effective Lagrangian at the
dimension-6 level for b→ s transition is given by
Leff = −4GF√
2
αem
4pi
VtbV
∗
tsH(t)eff + h.c. (1)
where, H(t)eff = C1Oc1 + C2Oc2 +
6∑
i=3
CiOi +
10∑
i=7
CiOi
In models beyond the SM, new operators can be gener-
ated. The complete basis of dimension-6 operators in-
cludes new operators given by
H(t),Neweff =
∑
i=7,9,10
Ci′Oi′ +
∑
i=S,P,S′,P ′,T,T5
CiOi (2)
where, the various operators above are defined by
O7(7′) = 1
e
mb[sσµνPR(L)b]F
µν
O9(9′) = [sγµPL(R)b][lγµl], O10(10′) = [sγµPL(R)b][lγµγ5l]
OS(S′) = [sPR(L)b] [ll], OP (P ′) = [sPR(L)b][lγ5l]
OT = [sσµνb][lσµν l], OT5 = [sσµνb][lσµνγ5l]
Note that, the Wilson coefficients for the photonic
dipole operators O7 and O7′ are lepton universal by def-
inition, and lead to lepton flavour non-universality only
through lepton mass effects, which is not enough to pro-
vide explanation of the RK∗ anomalies once bound from
Bd → Xsγ is taken into account [9]. So we neglect NP
effect in these operators. For all the other operators, we
write their Wilson coefficients as Ci = C
SM
i + ∆Ci where
∆Ci corresponds to the shift in the Wilson coefficient
from its SM value due to short distance NP.
2 Note however that, large deviations from the SM expectations
in two q2-bins of P ′µ5 have been claimed in the literature [14].
Interestingly, the Belle collaboration has provided the first mea-
surement of P ′5 in the electron mode [85], and indeed, the central
value for P ′µ5 deviates more than that of P
′ e
5 . However, at this
point the statistics is low, and the jury is still out on this.
3. Tensor operators
In this section, we study the effect of the two tensor
operators, OT , OT5, on RK and RK∗ . In Eq. 3 - 5 below
we show numerical formulae for the various branching
ratios (normalised to their SM predictions) as functions
of ∆CµT5 and ∆C
e
T5:
BcenK``
BcenK``|SM
≈1 + 0.02 [∆C`T5]2 (3)
BlowK∗ee(µµ)
BlowK∗ee(µµ)|SM
≈1− 0.00(0.24) [∆Ce(µ)T5 ] + 0.30 [∆Ce(µ)T5 ]2 (4)
BcenK∗ee(µµ)
BcenK∗ee(µµ)|SM
≈1 + 0.00(0.06) [∆Ce(µ)T5 ] + 0.53 [∆Ce(µ)T5 ]2 (5)
The full set of numerical formulae valid in the presence
of all the operators are presented in Appendix A. These
formulae can be used to perform very quick analysis of
models as the only required inputs in these formulae are
the short distance Wilson coefficients.
In Fig. 1 we show how RcenK , R
low
K∗ and R
cen
K∗ vary with
∆CeT5.
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FIG. 1. Variation of RcenK , R
low
K∗ and R
cen
K∗ with ∆C
e
T5. The
horizontal bands correspond to the experimental 1σ upper
and lower limits shown in Table-I.
It can be seen from the left panel of Fig. 1 that
∆CeT5 ∼ ±1 not only explains RcenK∗ and RlowK∗ simulta-
neously but also brings them close to the experimental
central values. As pointed out by one of the authors in
[55], this is not possible naturally by any other local oper-
ator at the dimension-6 level, and in this sense, the tensor
operators are unique. However, as can be seen from the
right panel of Fig. 1, ∆CeT5 ∼ ±1 can not reduce RcenK
much from its SM value of unity3, and hence a simulta-
neous explanation of RcenK , R
cen
K∗ and R
low
K∗ is not possible.
All statements made here for ∆CeT5 applies equally for
the other tensor Wilson coefficient ∆CeT .
Note that, any non-zero value for ∆CµT and ∆C
µ
T5 leads
to values for RK and RK∗ greater than their SM values
3 That the tensor operators alone can not explain RK was also
pointed out in [88].
3and thus, tensor operators in the muon sector are ruled
out as possible explanation of these anomalies.
In the following section, we will investigate whether a
simultaneous solution is possible when other additional
operators are also considered. While we consider only
unprimed operators in the main text, the effect of the
primed operators in conjunction with the tensor opera-
tors can be found in Appendix B.
4. Combination of Vector and Tensor operators
In Fig. 2, we show the regions in ∆Ce9 - ∆C
e
T5 plane
allowed by the experimental measurements of the vari-
ous observables listed in Table-I. In the left panel, the
blue, red and yellow shaded regions correspond to the 1σ
experimental ranges of RlowK∗ , R
cen
K∗ and R
cen
K respectively.
The black shaded regions are the overlap of the three. It
should be noticed that the black shaded region is outside
the ∆CeT5 = 0 line, and hence no simultaneous solutions
are possible with only ∆Ce9 . In the right panel, we also
show the regions allowed by BlowXsee(in blue) and BhighXsee (in
red). The black shaded region from the left panel is also
superimposed there. It can be seen that there is a small
overlap of the black, blue and red regions in the right
panel where all the constraints including those from the
inclusive decay are satisfied.
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FIG. 2. Allowed regions in ∆Ce9 - ∆C
e
T5 plane. See text for
more details.
In Fig. 3, we show the allowed regions in the ∆Cµ9 -
∆CeT5 plane. The various shaded regions in the left panel
have the same meaning as in Fig. 2. The grey vertical
(horizontal) band corresponds to the experimental 1σ al-
lowed region of BlowXsµµ (BlowXsee). Similar to the previous
case, here also a simultaneous solution is not possible
with only ∆Cµ9 , and non-zero tensor contribution is re-
quired. However, as can be seen from the right panel of
Fig. 3, this scenario is in tension with the measurements
of BhighXs``.
We now consider the two cases ∆Ce9 = −∆Ce10 vs.
∆CeT5 and ∆C
µ
9 = −∆Cµ10 vs. ∆CeT5. In Fig. 4 we show
our results. It can be seen from the upper panel that
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FIG. 3. Allowed regions in ∆Cµ9 - ∆C
e
T5 plane. See text for
more details.
∆Cµ9 = −∆Cµ10 alone (i.e., with ∆CeT5 = 0) can not ex-
plain RlowK∗ , R
cen
K∗ and R
cen
K simultaneously within their
experimental 1σ regions. However, a simultaneous solu-
tions is possible if a non-zero ∆CeT5 ∼ ±0.6 is considered.
Note that, the Wilson coefficient Cµ10 also modifies Bµµ
which gives a bound 0 . ∆Cµ10 . 0.7 at the 1σ level [55].
Hence, the black overlap region in the upper left panel is
allowed by Bµµ. However, as in Fig. 3, this scenario also
is in tension with the measurements of BhighXs``.
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FIG. 4. Allowed regions in ∆Cµ9 (= −∆Cµ10) - ∆CeT5 plane
(upper panel) and ∆Ce9(= −∆Ce10) - ∆CeT5 plane (lower
panel). See text for more details.
The situation is better for ∆Ce9 = −∆Ce10 vs. ∆CeT5
as shown in the bottom panel of Fig. 4. Here, a simul-
taneous solutions to not only RlowK∗ , R
cen
K∗ and R
cen
K , but
4also the inclusive decay B¯d → Xse+e− is possible. This
corresponds to the small overlap of the black, red and
blue shaded regions in the lower right panel of Fig. 4.
Before closing this section, we would like to mention
that the tensor operators do not get generated at the
dimension-6 level if SU(2)×U(1)Y gauge invariance is im-
posed, which was also pointed out in [19]. However, it can
be generated at the dimension-8 level. For example, one
can write down the operator (1/Λ4)(sRL1H˜) (µRQ3H˜)
which, after electroweak symmetry breaking, generates
the operator (v2/2Λ4)(s¯PLµ) (µ¯PLb). This operator can
be Fierz transformed into (v2/2Λ4)(s¯PLb) (µ¯PLµ) and
the tensor operator (v2/8Λ4)(s¯σµνPLb) (µ¯σ
µνPLµ). For
more details, see Appendix C.
5. Summary
Motivated by the recent measurements of RK∗ in two
q2 bins by the LHCb collaboration, we have performed
a detailed analysis of the role of tensor operators in RK
and RK∗ , for the first time in the literature. We show
that, unlike the vector, axial vector, scalar or pseudo
scalar operators, tensor operators can comfortably ex-
plain RcenK∗ and R
low
K∗ simultaneously. Hence, if the ex-
perimental measurement of RK∗ in the low q
2 bin stays
in the future, either a very light vector boson (as shown
by one of the authors in [20]) or the existence of tensor
operators would be unavoidable. However, we find that
a simultaneous explanation of RK also would require the
existence of other Wilson coefficients (of vector and/or
axial vector operators, for example) in conjunction with
the tensor operators. We study the interplay of the vec-
tor and axial vector operators with the tensor structures,
and obtain the regions allowed by the 1σ experimental
values of RK and RK∗ . We further show that the mea-
sured branching ratios for the inclusive Bd → Xs`+`−
decay provide very important constraints on the various
solutions. We also present completely general numeri-
cal formulae which can be used to effortlessly compute
RcenK , R
cen
K∗ , R
low
K∗ and the inclusive branching fractions
just knowing the short distance Wilson coefficients at the
mb scale.
——————————————————————————–
Appendix A: Complete expressions for the branching ratios
BcenKee
BcenKee|SM
= 1+0.2429[∆Ce9 ] + 0.0274[∆C
e
9 ]
2 + 0.2429[∆Ce9′ ] + 0.0549[∆C
e
9 ][∆C
e
9′ ] + 0.0274[∆C
e
9′ ]
2 − 0.225[∆Ce10]
+0.0274[∆Ce10]
2 − 0.225[∆Ce10′ ] + 0.0549[∆Ce10][∆Ce10′ ] + 0.0274[∆Ce10′ ]2 + 0.0092[∆CeS ]2
+0.0184[∆CeS ][∆C
e
S′ ] + 0.0092[∆C
e
S′ ]
2 + 0.0092[∆CeP ]
2 + 0.0184[∆CeP ][∆C
e
P ′ ] + 0.0092[∆C
e
P ′ ]
2
+0.0002[∆CeT ] + 0.0171[∆C
e
T ]
2 + 0.0171[∆CeT5]
2 (A1)
BcenKµµ
BcenKµµ|SM
= 1+0.2427[∆Cµ9 ] + 0.0274[∆C
µ
9 ]
2 + 0.2427[∆Cµ9′ ] + 0.0548[∆C
µ
9 ][∆C
µ
9′ ] + 0.0274[∆C
µ
9′ ]
2 − 0.2253[∆Cµ10]
+0.0275[∆Cµ10]
2 − 0.225[∆Cµ10′ ] + 0.055[∆Cµ10][∆Cµ10′ ] + 0.0275[∆Cµ10′ ]2 + 0.009[∆CµS ]2
+0.018[∆CµS ][∆C
µ
S′ ] + 0.009[∆C
µ
S′ ]
2 − 0.0187[∆CµP ] + 0.0046
(
[∆Cµ10] + [∆C
µ
10′ ]
)(
[∆CµP ] + [∆C
µ
P ′ ]
)
+0.0091[∆CµP ]
2 − 0.0187[∆CµP ′ ] + 0.0182[∆CµP ][∆CµP ′ ] + 0.0091[∆CµP ′ ]2 + 0.0168[∆CµT5]2
+0.0457[∆CµT ] + 0.0103
(
[∆Cµ9 ] + [∆C
µ
9′ ]
)
[∆CµT ] + 0.0174[∆C
µ
T ]
2 (A2)
BlowK∗ee
BlowK∗ee|SM
= 1+0.0764[∆Ce9 ] + 0.0136[∆C
e
9 ]
2 − 0.1048[∆Ce9′ ]− 0.0257[∆Ce9 ][∆Ce9′ ] + 0.0136[∆Ce9′ ]2 − 0.1118[∆Ce10]
+0.0136[∆Ce10]
2 + 0.1054[∆Ce10′ ]− 0.0257[∆Ce10][∆Ce10′ ] + 0.0136[∆Ce10′ ]2 + 0.0006
(
[∆CeS ]− [∆CeS′ ]
)2
+0.0006
(
[∆CeP ]− [∆CeP ′ ]
)2 − 0.0015[∆CeT ] + 0.2901[∆CeT ]2 − 0.0013[∆CeT5] + 0.2901[∆CeT5]2 (A3)
BlowK∗µµ
BlowK∗µµ|SM
= 1+0.0806[∆Cµ9 ] + 0.0144[∆C
µ
9 ]
2 − 0.1103[∆Cµ9′ ]− 0.027[∆Cµ9 ][∆Cµ9′ ] + 0.0144[∆Cµ9′ ]2 − 0.1167[∆Cµ10]
+0.0142[∆Cµ10]
2 + 0.1106[∆Cµ10′ ]− 0.027[∆Cµ10][∆Cµ10′ ] + 0.0142[∆Cµ10′ ]2 + 0.0006[∆CµS ]2
−0.0012[∆CµS ][∆CµS′ ] + 0.0006[∆CµS′ ]2 − 0.0078[∆CµP ] + 0.0019[∆Cµ10][∆CµP ]− 0.0019[∆Cµ10′ ][∆CµP ]
+0.0006[∆CµP ]
2 + 0.0078[∆CµP ′ ]− 0.0019[∆Cµ10][∆CµP ′ ] + 0.0019[∆Cµ10′ ][∆CµP ′ ]− 0.0013[∆CµP ][∆CµP ′ ]
+0.0006[∆CµP ′ ]
2 − 0.2362[∆CµT5] + 0.0165[∆Cµ9 ][∆CµT5]− 0.0165[∆Cµ9′ ][∆CµT5] + 0.3057[∆CµT5]2
−0.2676[∆CµT ] + 0.0088[∆Cµ9 ][∆CµT ] + 0.0088[∆Cµ9′ ][∆CµT ] + 0.305[∆CµT ]2 (A4)
5BcenK∗ee
BcenK∗ee|SM
= 1+0.2187[∆Ce9 ] + 0.032[∆C
e
9 ]
2 − 0.1998[∆Ce9′ ]− 0.0474[∆Ce9 ][∆Ce9′ ] + 0.032[∆Ce9′ ]2 − 0.2629[∆Ce10]
+0.032[∆Ce10]
2 + 0.1945[∆Ce10′ ]− 0.0474[∆Ce10][∆Ce10′ ] + 0.032[∆Ce10′ ]2 + 0.0067[∆CeS ]2
−0.0134[∆CeS ][∆CeS′ ] + 0.0067[∆CeS′ ]2 + 0.0067[∆CeP ]2 − 0.0134[∆CeP ][∆CeP ′ ] + 0.0067[∆CeP ′ ]2
+0.5349[∆CeT ]
2 + 0.0003[∆CeT5] + 0.0001[∆C
e
9 ][∆C
e
T5]− 0.0001[∆Ce9′ ][∆CeT5] + 0.5349[∆CeT5]2 (A5)
BcenK∗µµ
BcenK∗µµ|SM
= 1+0.2194[∆Cµ9 ] + 0.0321[∆C
µ
9 ]
2 − 0.2004[∆Cµ9′ ]− 0.0476[∆Cµ9 ][∆Cµ9′ ] + 0.0321[∆Cµ9′ ]2 − 0.2622[∆Cµ10]
+0.032[∆Cµ10]
2 + 0.1949[∆Cµ10′ ]− 0.0475[∆Cµ10][∆Cµ10′ ] + 0.032[∆Cµ10′ ]2 + 0.0066[∆CµS ]2
−0.0132[∆CµS ][∆CµS′ ] + 0.0066[∆CµS′ ]2 − 0.0138[∆CµP ] + 0.0034[∆Cµ10][∆CµP ]− 0.0034[∆Cµ10′ ][∆CµP ]
+0.0067[∆CµP ]
2 + 0.0138[∆CµP ′ ]− 0.0034[∆Cµ10][∆CµP ′ ] + 0.0034[∆Cµ10′ ][∆CµP ′ ]− 0.0134[∆CµP ][∆CµP ′ ]
+0.0067[∆CµP ′ ]
2 + 0.0638[∆CµT5] + 0.0295[∆C
µ
9 ][∆C
µ
T5]− 0.0295[∆Cµ9′ ][∆CµT5] + 0.5373[∆CµT5]2
+0.0039[∆CµT ] + 0.0154[∆C
µ
9 ][∆C
µ
T ] + 0.0154[∆C
µ
9′ ][∆C
µ
T ] + 0.5359[∆C
µ
T ]
2 (A6)
106BlowXs`` =106BlowXs``|SM + 0.4156[∆C`9] + 0.0647
(
[∆C`9]
2 + [∆C`9′ ]
2 + [∆C`10]
2 + [∆C`10′ ]
2
)− 0.5308[∆C`10]
+0.0108
(
[∆C`S ]
2 + [∆C`S′ ]
2 + [∆C`P ]
2 + [∆C`P ′ ]
2
)
+ 0.8615
(
[∆C`T5]
2 + [∆C`T ]
2
)
(A7)
106BhighXs`` =106B
high
Xs``
|SM + 0.1187[∆C`9] + 0.0143
(
[∆C`9]
2 + [∆C`9′ ]
2 + [∆C`10]
2
)− 0.1171[∆C`10] + 0.0143[∆C`10′ ]2
+0.0063
(
[∆C`S ]
2 + [∆C`S′ ]
2 + [∆C`P ]
2 + [∆C`P ′ ]
2
)
+ 0.1272
(
[∆C`T5]
2 + [∆C`T ]
2
)
(A8)
Appendix B: Primed operators
Earlier we considered only the unprimed vector and ax-
ial vector operators namely, Cµ,e9 and C
µ,e
10 , and neglected
their primed counterparts Cµ,e9′ and C
µ,e
10′ . It has been
shown (see for example, [20]) that the primed operators
alone are unable to produce the experimental measure-
ments of RK and RK∗ simultaneously. In this section,
we will investigate whether the situation can improve in
the presence of tensor operators.
Fig. 5 shows the allowed regions in ∆Cµ9′ - ∆C
e
T5 plane.
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FIG. 5. Allowed regions in ∆Cµ9′ - ∆C
e
T5 plane. See text for
more details.
It can be seen that in order to satisfy RcenK , R
low
K∗ and
RcenK∗ simultaneously in the presence of ∆C
µ
9′ , large value
of ∆CeT5 ≈ ±1.3 is also needed.
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FIG. 6. Allowed regions in ∆Cµ10′ - ∆C
e
T5 plane. See text for
more details.
However, this solution is in tension with BlowXsee as can
be seen from the grey region in the left panel of Fig. 5.
Note that, in the right panel of Fig. 5 the blue region
covers the whole plane, and hence this solution is consis-
tent with BhighXs``. Similar statements can be made also for
∆Cµ10′ , as can be seen from Fig. 6.
Fig. 7 and Fig. 8 show the allowed regions in ∆Ce9′ vs.
∆CeT5 and ∆C
e
10′ vs. ∆C
e
T5 planes respectively. In these
cases also, the primed operators can be allowed if a large
tensor contribution exists at the same time.
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FIG. 7. Allowed regions in ∆Ce9′ - ∆C
e
T5 plane. See text for
more details.
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FIG. 8. Allowed regions in ∆Ce10′ - ∆C
e
T5 plane. See text for
more details.
Appendix C: SU(2) × U(1)Y gauge invariance
As mentioned in the main text, the tensor operators
do not get generated at the dimension-6 level if SU(2) ×
U(1)Y gauge invariance is imposed
4. However, they can
be generated at the dimension-8 level. Here we show a
few examples,
1.
CYdY`
Λ4
[sRσ
µνQ3H˜][e`RσµνL`H˜]
→ 1
2
CYdY`
v2
Λ4
[sRσ
µνbL][e`Rσµνe`L]
=
1
4
CYdY`
v2
Λ4
(OT −OT5) (C1)
2.
CsLeQ
Λ4
[sRL`H˜][e`RQ3H˜]
→ CsLeQ
Λ4
(
1
2
[sRQ3H˜][e`RL`H˜]
+
1
8
[sRσ
µνQ3H˜][e`RσµνL`H˜]
)
=
1
8
CsLeQ
v2
Λ4
(
OS′ −OP ′ + 1
4
OT − 1
4
OT5
)
(C2)
It is hard to generate only the tensor operators in a com-
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FIG. 9. Allowed regions in ∆CeS′(= −∆CeP ′) vs. ∆CeT5(=
−∆CeT ) plane. See text for more details.
plete field theory model. The second operator above is
much easier to generate (it can be generated even at the
tree level). In this case, however, both scalar and ten-
sor operators are generated with the following relations
among the Wilson coefficients,
∆CeS′ = −∆CeP ′ = 4∆CeT5 = −4∆CeT . (C3)
Note that, gauge invariance at the dimension 6 level al-
ways leads to the relation ∆CeS′ = +∆C
e
P ′ [19], which is
now broken by the dimension 8 operators. In Fig. 9, we
show the various allowed regions in the ∆CeS′(= −∆CeP ′)
vs. ∆CeT5(= −∆CeT ) plane. It is interesting that the
black overlap regions in the left panel satisfy Eq. (C3)
approximately. In fact, there is tiny region in the right
panel which satisfies the inclusive measurements too.
Note that, the value of ∆CeS′ = −∆CeP ′ ≈ 3 corre-
sponds to a NP scale Λ ∼ (CsLeQ)1/4 1.5 TeV. While
the scale is rather low, it is still intriguing that one lo-
cal operator in Eq. (C2) can explain all the anomalies
(including RlowK∗ ) simultaneously. Unfortunately, for such
large value ∆CeS′ = −∆CeP ′ ≈ 3, Bee exceeds the experi-
mental upper bound, and some cancellation, either from
other dimension-8 operators or from dimension-6 oper-
ators would be necessary for this operator to be viable.
More detailed exploration of such dynamics is left for
future work.
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